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1. 

CONTROLLER AND METHOD FOR 
MEMORY ALASING FOR DIFFERENT 

FLASH MEMORYTYPES 

BACKGROUND 

A solid state drive (SSD) is designed to provide reliable and 
high performance storage of user data across a flash-based 
memory system containing a host interface controller (Such 
as a Serial Advanced Technology Attachment (SATA)) inter 
face) and a number of memory multi-chip packages (MCPs), 
where each MCP contains a stack of NAND flash dies and, 
optionally, a flash memory controller. The OpenNAND Flash 
Interface (ONFI) protocol provides support for parallel 
access to multiple NAND dies (or “logical units’ (LUNs)) on 
a single “target' or NAND multi-chip stack on a single shared 
ONFI channel. In a typical SATA-based SSD application, a 
central host controller accesses multiple attached devices 
(targets/NAND device clusters) on each ONFI channel, and 
across several ONFI channels. (A typical host controller 
would include a SATA interface and four, eight, or more flash 
interface channels. These channels may utilize a standard 
flash interface protocol, such as ONFI.) Each ONFI target 
typically controls 2, 4, or 8 NAND dies. 

Multiple flash technology types (one-, two-, and three-bits 
per cell, for example) and mixed-technology flash devices 
(devices with binary regions in an otherwise multi-level cell 
device) are available; however, Some industry standard pro 
tocols, such as ONFI, only support commands for a single 
memory type, as they assume that all the memory devices in 
an MCP are homogeneous. For example, ONFI interfaces 
assume that all of the memory devices in the multi-chip 
package are X1 (one bit per cell), X2 (two bits per cell), or X3 
(three bits per cell). However, in some applications, it may be 
desired to have mixed technology devices (i.e., memory 
devices of different types) and/or mixed technology targets 
(i.e., a memory device with different memory types in differ 
ent address ranges). 

SUMMARY 

The present invention is defined by the claims, and nothing 
in this section should be taken as a limitation on those claims. 
By way of introduction, the embodiments described below 

provide a controller and method for memory aliasing for 
different flash memory types. In one embodiment, a control 
ler is presented having one or more interfaces through which 
to communicate with a plurality of memory dies, wherein at 
least one of the memory dies is of a different memory type 
than the other memory dies. The controller also has an inter 
face through which to communicate with a host, wherein the 
interface only Supports commands for a single memory types. 
The controller further contains a processor that is configured 
to receive a logical address and a command from the host, 
determine which memory die is associated with the logical 
address, and translate the command received from the host to 
a form suitable for the memory type of the memory die 
associated with the logical address. 

Other embodiments are disclosed, and each of the embodi 
ments can be used alone or together in combination. The 
embodiments will now be described with reference to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a memory system of an 
embodiment. 
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2 
FIG. 2 is a block diagram of a multi-chip package of an 

embodiment. 
FIG.3 is a block diagram of an architecture of an embodi 

ment. 

FIG. 4 is a block diagram of an architecture of an embodi 
ment. 

FIG. 5 is a block diagram of an architecture of an embodi 
ment. 

FIG. 6 is a block diagram of a four-die, four-LUN configu 
ration of an embodiment. 

FIG. 7 is a diagram of a parameter page of an embodiment. 
FIG. 8 is a diagram of an address mapping scheme of an 

embodiment 
FIG.9 is a table of address field descriptions of an embodi 

ment 

FIG. 10 is a diagram of different Zones of an address range 
of an embodiment. 

FIG. 11 is a diagram of different Zones of an address range 
of an embodiment. 

FIG. 12 is a table of address alias fields of an embodiment 
FIG. 13 is an illustration of an address partition scheme 

within a LUN/die of an embodiment. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

Introduction 
The following embodiments relate generally to a controller 

and method for memory aliasing for different flash memory 
types. As mentioned above, multiple flash technology types 
(one-, two-, and three-bits per cell, for example) and mixed 
technology flash devices (devices with binary regions in an 
otherwise multi-level cell device) are available; however, 
Some industry standard protocols, such as ONFI, only Support 
commands for a single memory type, as they assume that all 
the memory devices in an MCP are homogeneous. For 
example, ONFI interfaces assume that all of the memory 
devices in the multi-chip package are X1 (one bit per cell), X2 
(two bits per cell), or X3 (three bits per cell). However, in 
Some applications, it may be desired to have mixed technol 
ogy devices (i.e., memory devices of different types) and/or 
mixed technology targets (i.e., a memory device with differ 
ent memory types in different address ranges). The following 
embodiments can be used to mix different dies inside the 
same multi-chip package and to use a given memory die in 
different ways (e.g., to use different commands to talk to 
X1/X2 memory regions or blocks in order to achieve binary or 
multi-level cell behavior). In one of the below embodiments, 
the address bits are used to indicate which kind of memory to 
use and, optionally, to perform address translation to specific 
(different) command sequences for the different memory 
types. (More generally, these embodiments can use address 
bits for special modes.) Existing host controller ASICs only 
implement standard commands with a variable length address 
field. While there are parameter pages in ONFI, for example, 
to specify the number of address bytes, other information may 
not be able to be expressed or indicated. 

Before turning to details of these embodiments, the follow 
ing section discusses exemplary architectures. 

Exemplary Architectures 
Turning now to the drawings, FIG. 1 is a block diagram of 

a memory system of an embodiment. As shown in FIG. 1, a 
host controller 100 is in communication with a plurality of 
multi-chip memory packages via one or more interfaces 
(here, ONFI channels). (As used herein, the phrase “in com 
munication with means directly in communication with or 
indirectly in communication with through one or more com 
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ponents, which may or may not be shown or described 
herein.) Here, the controller 100 accesses (on each ONFI 
channel and across several ONFI channels) multiple attached 
ONFI targets. Each multi-chip memory package (called a 
“target in FIG. 1) comprises a plurality of memory dies 
(NAND Flash LUNs) and, optionally, a local MCP controller 
(not shown). The controller 100 also has a processor config 
ured to perform various actions, which will be described in 
detail below. The controller 100 can have on-board memory 
(e.g., SRAM) and/or external memory (e.g., DDR DRAM) to 
store executable program code (software or firmware) and 
other user data and system control data or structures used in 
its operations. In one embodiment, the memory system is part 
of a solid-state drive (SSD), and, in another embodiment, the 
controller 100 is used in OEM designs that use a Southbridge 
controller to interface to flash memory devices. Of course, 
these are merely examples, and other implementations can be 
used. 
As mentioned above, controller 100 is a host controller. A 

"host’ is any entity that is capable of accessing the one or 
more flash memory device(s) through the controller 100, 
either directly or indirectly through one or more components 
named or unnamed herein. A host can take any suitable form, 
Such as, but not limited to, a personal computer, a mobile 
phone, a game device, a personal digital assistant (PDA), an 
email/text messaging device, a digital camera, a digital media 
(e.g., MP3) player, a GPS navigation device, a personal navi 
gation system (PND), a mobile Internet device (MID), and a 
TV system. Depending on the application, the host can take 
the form of a hardware device, a Software application, or a 
combination of hardware and software. 

Also, “flash memory device(s) refer to device(s) contain 
ing a plurality of flash memory cells and any necessary con 
trol circuitry for storing data within the flash memory cells. In 
one embodiment, the flash memory cells are NAND memory 
cells, although other memory technologies, such as passive 
element arrays, including one-time programmable memory 
elements and/or rewritable memory elements, can be used. (It 
should be noted that, in these embodiments, a non-NAND 
type flash memory device can still use a NAND interface 
and/or NAND commands and protocols.) Also, a flash 
memory device can be a single memory die or multiple 
memory dies. Accordingly, the phrase “a flash memory 
device' used in the claims can refer to only one flash memory 
device or more than one flash memory device. 

Returning to the drawings, FIG. 2 illustrates a “target' 
multi-chip package 221 and a host controller 220 of an 
embodiment. As shown in FIG. 2, the multi-chip package 221 
has a NAND controller 200 having a processor 205, a queue 
(memory) 210, one or more status registers 212, one or more 
other module(s) 213, one or more page buffers 214, and an 
error correction code (ECC) module 216. (The NAND con 
troller 200 can contain other components, which are not 
shown in FIG. 2 to simplify the drawing.) As used herein, a 
“module' can include hardware, software, firmware, or any 
combination thereof. Examples of forms that a “module' can 
take include, but are not limited to, one or more of a micro 
processor or processor and a computer-readable medium that 
stores computer-readable program code (e.g., Software or 
firmware) executable by the (micro)processor, logic gates, 
Switches, an application specific integrated circuit (ASIC), a 
programmable logic controller, and an embedded microcon 
troller, for example. The “other module(s) 213 can perform 
any desired function(s). Such as, but not limited to, data 
scrambling, column replacement, handling write aborts and/ 
or program failures (via safe Zones), read scrubbing, wear 
leveling, bad block and/or spare block management, error 
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4 
detection code (EDC) functionality, status functionality, 
encryption functionality, error recovery, and address map 
ping (e.g., mapping of logical to physical blocks). Further 
information about these various functions is described in U.S. 
patent application Ser. Nos. 12/539.394: 12/539,407: 12/539, 
379; 127650,263; 12/630,255; and 12/539,417, which are 
hereby incorporated by reference. 

While the NAND controller 200 and flash memory device 
(s) 230 are shown as two separate boxes, it should be under 
stood that the NAND controller 200 and flash memory device 
(s) 230 can be arranged in any Suitable manner (e.g., packaged 
in different packages, packaged within a common multi-chip 
package, and or integrated on a same die). In any of these 
arrangements, the controller can be physically located sepa 
rately from the host controller 220. This allows the controller 
and flash memory device(s) to be considered a separate cir 
cuitry unit, which can be used with a wide variety of host 
controllers 220. 
The NAND controller 200 communicates with the host 

controller 220 using a first interface 225 and communicates 
with the flash memory device(s) 230 using second interface 
(s) 235. The first and second interfaces can be NAND inter 
faces operating under NAND interface protocols. Examples 
of NAND interfaces include, but are not limited to, Open 
NAND Flash Interface (ONFI), toggle mode (TM), and a 
high-performance flash memory interface. Such as the one 
described in U.S. Pat. No. 7.366,029, which is hereby incor 
porated by reference. The NAND controller 200 may option 
ally include one or more additional host-side interfaces, for 
interfacing the NAND controller 200 to hosts using non 
NAND interfaces, such as SD, USB, SATA, or MMC inter 
faces. Also, the interfaces 225, 235 can use the same or 
different NAND interface protocols. 

In general, a NAND interface protocol is used to coordinate 
commands and data transfers between a NAND flash device 
and a host using, for example, data lines and control signals, 
such as ALE (Address Latch Enable), CLE (Command Latch 
Enable), and WEii (Write Enable). Even though the term 
“NAND interface protocol has not, to date, been formally 
standardized by a standardization body, the manufacturers of 
NAND flash devices all follow very similar protocols for 
supporting the basic subset of NAND flash functionality. This 
is done so that customers using NAND devices within their 
electronic products could use NAND devices from any manu 
facturer without having to tailor their hardware or software 
for operating with the devices of a specific vendor. It is noted 
that even NAND vendors that provide extra functionality 
beyond this basic subset of functionality ensure that the basic 
functionality is provided in order to provide compatibility 
with the protocol used by the other vendors, at least to some 
eXtent. 

A given device (e.g., a controller, a flash memory device, a 
host, etc.) is said to comprise, include, or have a “NAND 
interface' if the given device includes elements (e.g., hard 
ware, software, firmware, or any combination thereof) nec 
essary for supporting the NAND interface protocol (e.g., for 
interacting with another device using a NAND interface pro 
tocol). (As used herein, the term “interface(s) can refer to a 
single interface or multiple interfaces. Accordingly, the term 
“interface' in the claims can refer to only one interface or 
more than one interface.) In this application, the term "NAND 
Interface protocol (or “NAND interface” in short) refers to 
an interface protocol between an initiating device and a 
responding device that, in general, follows the protocol 
between a host and a NAND flash device for the basic read, 
write, and erase operations, even if it is not fully compatible 
with all timing parameters, not fully compatible with respect 
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to other commands supported by NAND devices, or contains 
additional commands not supported by NAND devices. One 
suitable example of a NAND interface protocol is an interface 
protocol that uses sequences of transferred bytes equivalent in 
functionality to the sequences of bytes used when interfacing 
with a Toshiba TC58NVG1S3B NAND device (or a Toshiba 
TC58NVG2D4B NAND device) for reading (opcode 00H), 
writing (opcode 80H), and erasing (opcode 60H), and also 
uses control signals equivalent in functionality to the CLE, 
ALE, CE, WE, and RE signals of the above NAND device. 

It is noted that a NAND interface protocol is not symmetric 
in that the host—not the flash device initiates the interaction 
over a NAND interface. Further, an interface (e.g., a NAND 
interface or an interface associated with another protocol) of 
a given device (e.g., a controller) may be a "host-side inter 
face' (e.g., the given device is adapted to interact with a host 
using the host-side interface), or the interface of the given 
device may be a “flash memory device-side interface' (e.g., 
the given device is adapted to interact with a flash memory 
device using the flash memory device-side interface). The 
terms “flash memory device-side interface.” “flash device 
side interface, and “flash-side interface' are used inter 
changeably herein. 

These terms (i.e., “host-side interface' and “flash device 
side interface') should not be confused with the terms “host 
type interface' and “flash-type interface,” which are termi 
nology used herein to differentiate between the two sides of a 
NAND interface protocol, as this protocol is not symmetric. 
Furthermore, because it is the host that initiates the interac 
tion, we note that a given device is said to have a "host-type 
interface' if the device includes the necessary hardware and/ 
or software for implementing the host side of the NAND 
interface protocol (i.e., for presenting a NAND host and ini 
tiating the NAND protocol interaction). Similarly, because 
the flash device does not initiate the interaction, we note that 
a given device is said to have a “flash-type interface' if the 
device includes the necessary hardware and/or software for 
implementing the flash side of the NAND protocol (i.e., for 
presenting a NAND flash device). 

Typically, “host-type interfaces” (i.e., those which play the 
role of the host) are “flash device-side interfaces” (i.e., they 
interact with flash devices or with hardware emulating a flash 
device) while “flash device-type interfaces” (i.e., those which 
play the role of the flash device) are typically “host-side 
interfaces” (i.e., they interact with hosts or with hardware 
emulating a host). 

Additional information about exemplary controllers (and 
their advantages over prior controllers) can be found in U.S. 
Pat. No. 7,631,245 and U.S. patent application Ser. Nos. 
12/539,394: 12/539,407: 12/539,379; 12/6S0.263; 12/6.50, 
255; and 12/539,417, which are hereby incorporated by ref 
CCC. 

It should also be noted that other controller architectures 
can be used. For example, FIG. 3 illustrates a single chip 
host-to-flash controller 300. This controller 300 contains a 
host interface 310 and a plurality of processor/flash interface 
modules (FIMs) 320. Each of the processor/FIMs is con 
nected to a respective plurality of flash memory devices 
(LUNs). In another embodiment (shown in FIG. 4), instead of 
the plurality of processor/FIMs being inside a single control 
ler, each processor/FIM 400 communicates individually with 
an ONFI channel sequencer 415 in the host controller via 
respective ONFI lanes. As in FIG.3, each processor/FIM400 
in this embodiment is connected to a plurality of flash 
memory devices (LUNs) 420. In yet another embodiment 
(shown in FIG. 5), the controller contains a flash lane proces 
sor complex 510 that contains a plurality of processor/FIMs 
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6 
connected to a plurality of flash memory devices (LUNs) 520. 
The flash lane processor complex 525 is connected via an 
internal interconnect matrix 530 to a memory management 
processor complex 540, that manages the operation of the 
memory. Of course, these are just examples of some of the 
architectures that can be used; others can be used. The claims 
should not be limited to a particular type of architecture 
unless explicitly recited therein. 
The three example architectures above illustrate the varia 

tions on how a host platform (PC, laptop, etc.), host interface 
controller (such as SATA, PCIe, etc.), or simply one or more 
host processes or execution threads within an integrated Stor 
age complex or SOC may produce a plurality of memory 
storage, memory management, or device maintenance or 
health operations destined for one or more exemplary Flash 
Memory controller Lanes, processes, or execution threads. 
Now that exemplary controller architectures have been 

described, the following section provides more information 
about the embodiments related to memory aliasing for differ 
ent flash memory types. 

Embodiments Relating to Memory Aliasing for Different 
Memory Types 
As mentioned above, in Some situations, multiple flash 

technology types (one-, two-, and three-bits per cell, for 
example) and mixed-technology flash devices (devices with 
binary regions in an otherwise multi-level cell device) are 
available; however, some industry standard protocols, such as 
ONFI, only support commands for a single memory type, as 
they assume that all the memory devices in an MCP are 
homogeneous. For example, ONFI interfaces assume that all 
of the memory devices in the multi-chip package are X1 (one 
bit per cell), X2 (two bits per cell), or X3 (three bits per cell). 
However, in Some applications, it may be desired to have 
mixed technology devices (i.e., memory devices of different 
types) and/or mixed technology targets (i.e., a memory device 
with different memory types in different address ranges). The 
following embodiments can be used to mix different dies 
inside the same multi-chip package and to use a given 
memory die in different ways (e.g., to use different com 
mands to talk to X1/X2 memories in order to achieve binary 
or multi-level cell behavior. 

Since the ONFI host interface does not currently have 
different commands for different memory types, the same 
effect can be achieved in these embodiments by “aliasing the 
memory addresses. In other words, these embodiments use 
one or more high order bit (or bits) to remap the virtual 
memory (used by the host interface to the controller) to the 
specific type of underlying memory and its specific com 
mands. For example, if there are 2K physical blocks in a 
standard memory device, the block numbers typically occupy 
11 bits, or addresses, between 0x0-0x07FF in hex. So, the 
blocks can be mapped as follows: 0x0-0x07FF to X2 memory 
and 0x1000-0x13FF or 0x1000-0x17FF (even addresses 
only) to X1 memory (note that there are only half as many 
blocks in X1 as in X2). A variation of this approach is to 
designate a “fencepost as the boundary between a first region 
and a second region. As per the above example, the fencepost 
could be set as “OX1000'. This would be understood between 
the host and the controller to be the boundary between X2 and 
X1 memory. Commands addressed by the host to a memory 
region below this fencepost (<0x1000) would be interpreted 
by the controller as accesses to X2 memory, while commands 
directed to a region above the fencepost ( />0x1000) would 
be interpreted by the controller as accesses to X1 memory. 

There are several advantages associated with these 
embodiments. For example, these embodiments allow a host 
controller to request MLC(X2) or binary mode (X 1) access 
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over a conventional NAND interface using a single set of read 
and program commands without requiring vendor unique 
commands. There are various ways of identifying the differ 
ent memory capacities or capabilities of the two (or more) 
regions. First, existing vendor unique fields in the ONFI 
parameter page can be utilized to convey additional param 
eters associated with a second (or more) memory region(s). 
(While one a single standard ONFI parameter page can be 
specified, a compound parameter page can be used.) Second, 
additional parameter pages (or additional Sub-sections of the 
main parameter page) can be used to provide for ONFI “com 
pound targets.” 
As discussed above in conjunction with FIG. 2, the con 

troller 200 in a multi-chip package target 221 maps each LUN 
to a different die or multiple dies. FIG. 6 illustrates diagram 
matically a four die (Die?) to Die3), four LUN (LUNO to LUN 
3) configuration of an embodiment. Multiple flash technol 
ogy types (one-, two-, and three-bits per cell, for example) 
and mixed-technology flash devices (X2/MLC/two-bits per 
cell with binary X1 region, and X3/3 bits per cell with binary 
X1 region) have been produced for the last two flash genera 
tions and are likely to be continued for future generations. 
However, as mentioned above, the industry standard ONFI 
protocol only provides for a single parameter page structure 
per multi-chip package target, which Suggests a single, 
homogenous flash device type for all attached LUNs (dies). 
This is likely to be a common target configuration (all LUNs/ 
dies of the same type); however, it is expected that the opti 
mized usage of mixed-technology targets in some product 
applications can provide both better cost-performance and 
better product endurance. 

To help illustrate the limitations of the ONFI protocol, 
reference is now made to FIG. 7, which is a diagram of a 
legacy ONFI parameter page. In this diagram, “M” refers to a 
mandatory parameter, and “O'” refers to an optional param 
eter. As shown in FIG. 7, several device-type specific param 
eters (highlighted) are reported in the ONFI Parameter Page. 
For example, the standard allows a single set of values to be 
specified per target in the memory organization block and the 
electrical parameters block. A specific set of parameters and 
timings would be specified if the attached flash devices were 
made up of MLC/two-bits per cell, while a very different set 
of parameters and timings would be specified if the devices 
were three-bits bits per cell. With only a single parameter 
page, an ONFI host would expect to access all devices on this 
target, and all internal regions of each device according to the 
same structure and timing. For the simple case of MLC/X2 
with a binary/X1 region, the ONFI standard does not provide 
for two (or more) sets of parameters in this target. It is 
expected that current systems addressing mixed ONFI targets 
do so with the host application utilizing “outside knowledge' 
of the ONFI devices multiple parameter sets, rather than 
being able to read and act upon specifically-provided values 
in the ONFI parameter page (only one set is there). 
The ONFI standard does, however, allow for multiple tar 

gets per ONFI channel. So, one way of utilizing both an MLC 
memory device, or memory region, along with a binary 
device, or binary memory region, on the same ONFI channel 
would be to address these two types of flash with two different 
CE n’s (Chip Enables), one CE in for the MLC, and a sec 
ond CE in for the binary. In this case, these would be regarded 
by the host as two separate targets, each with its own param 
eter page. With this arrangement, the host would manage 
when to send certain data only to X1 targets and when to send 
certain other data only to MLC targets. There are a few 
disadvantages to this approach. First, it requires an extra 
CE npin for a single flash device/package that has both types 
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8 
of memory. Second, it may require extra decoding logic if a 
single NAND flash device supports configured regions in the 
same device (X3 device with binary/X1 region). 

Ultimately, there is a need to extend the ONFI parameter 
page structure to allow for more than just a single set of 
technology-dependent parameters (for mixed device-type? 
technology) implementations. Given mixed-technology 
devices and/or mixed-technology targets, there is also a need 
to address these multiple regions in a protocol-compatible 
scheme, to enable using standard off-the shelf ONFI host 
controllers (using vendor-specific command extensions may 
incur performance penalty). With the proposed definition of a 
compound target parameter page structure, the device-type 
specific parameters of each die can be reported to the host. 
Each LUN would have a parameter page (or Sub-page) to 
describe its characteristics. As the host issues commands to 
the compound target, the LUN address received from the host 
will be translated into a die index to address the NAND 
devices through the flash interface. While the host is issuing 
uniform (regardless of memory region) erase, program, and 
read commands, the controller will translate or use the appro 
priate technology-specific flash commands and command 
timings per each NAND die or LUN. The translation or “spe 
cial handling' will be transparent to the host, though the host 
will have knowledge of the memory organization and electri 
cal timing parameters of the multiple regions, as provided in 
the proposed compound target parameter page. 

FIGS. 8-11 will now be discussed as an example of how 
these embodiments can be used with NAND flash address 
mapping. The address mapping example shown here is based 
on 32 nm X2 technology. For other NAND technologies, the 
address bit map might be different and can be provided in the 
parameter page. As shown in these figures, bits 0-13 provide 
a column address field, which addresses each byte within a 
page. Bits 16-22 are for a page address within a block, and bits 
24-35 are for a block address, which indexes the block of a 
plane. Bits 36-38 are for the LUN address, which selects the 
die which is mapped to a targeted LUN. Bits 14-15 and 49-47 
are reserved. FIGS. 10 and 11 are sub-windows of X2 and X1 
Zones within a total ONFI address range for LUN(n). In this 
embodiment, the multi-chip package target can provide ONFI 
2.2 interface compatible access to binary and MLC memo 
ries. That is, when an MCP NAND die/LUN supports only a 
single bit/cell capability (X1, X2, or X3), then the standard 
ONFI specification can be utilized, with the bits/cell spec in 
parameter Byte 102 of the ONFI parameter page. However, to 
enable ONFI-compatible access of mixed NAND die/LUNs, 
such as X2 w/X1 Binary cache, or X3 w/X1 Binary cache), an 
extension approach may be utilized. One approach employs 
some of the extra (reserved) high-order address bits, (40:39) 
for example, to encode the bits/cell indicator as part of an 
address aliasing scheme. 

FIG. 12 specifies how X1,X2, and X3 memory types might 
be specified. In this embodiment, the host first reads the 
parameter page from each LUN/die in the MCP (bytes 
0-255). Parameter 102 specifies the maximum bits/cell Sup 
ported by LUN/die (here, X1/X2/X3 memory type). Next, the 
vendor-specific byte 166 is checked to determine if single 
memory technology or hybrid memory technology is being 
used. If hybrid memory technology is being used, the LUN/ 
die has hybrid (mixed X1/X2/X3) capable, and the controller 
checks the additional vendor-specific bytes (166-253) for 
region(s) that Support higher performance at the cost of 
reduced capacity. These bytes specify region start address, 
end address, and region capacity. (In some instances, the 
address may need to be converted to, for example, even 
addresses (e.g., shift address one bit left).) Next (and if single 
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technology is being used), the host issues an ONFI read or 
program command—Reserved Addr(40:39) set accordingly 
to bits/cell mode per FIG. 12. The controller then decodes 
Addr(40:39) for bits/cell memory access type mode per FIG. 
12. The controller's firmware then clears the three-bits/cell) 
MS bits of block address portion and issues an NAND pro 
gram or read sequence required by bits/cell technology. 
Finally, the host read or program NAND command completes 
with correct data/result. 

There are several alternatives that can be used with these 
embodiments. First, as mentioned above, a “fencepost can 
be designated as the boundary between a first region and a 
second region, where commands addressed by the host to a 
memory region below the fencepost would be interpreted by 
the controller as accesses to one memory type, while com 
mands directed to a region above the fencepost would be 
interpreted by the controller as accesses to another memory 
type. This fencepost concept can be extended to multiple 
partitions on the same memory die, as illustrated in FIG. 13. 
FIG. 13 shows two partitions of different memory types (X1 
and X2), where the fencepost is set at a different address for 
each of the partitions. Addresses above the fencepost are 
unavailable, while addresses below the fencepost are avail 
able. 

Conclusion 
It is intended that the foregoing detailed description be 

understood as an illustration of selected forms that the inven 
tion can take and not as a definition of the invention. It is only 
the following claims, including all equivalents that are 
intended to define the scope of this invention. Also, some of 
the following claims may state that a component is operative 
to perform a certain function or configured for a certain task. 
It should be noted that these are not restrictive limitations. It 
should also be noted that the acts recited in the claims can be 
performed in any order—not necessarily in the order in which 
they are recited. 
What is claimed is: 
1. A controller comprising: 
one or more interfaces to a plurality of memory dies, 

wherein at least one of the memory dies stores X number 
of bits per memory cell, whereas the other memory dies 
store Y number of bits per memory cell; 

an interface to a host, wherein the interface Supports com 
mands for storing Y number of bits per memory cell, 
wherein the interface operates according to a protocol 
that defines an address field, wherein a first set of bits in 
the address field are designated for an address and a 
second set of bits are designated as reserved; and 

a processor in communication with the one or more inter 
faces, wherein the processor is configured to: 
receive an address and a command from the host, 

wherein the address is located in the first set of bits of 
the address field; 

read data from the second set of bits, wherein the data 
read from the second set of bits specifies X number of 
bits per memory cell even though the interface Sup 
ports commands for storing Y number of bits per 
memory cell; and 

perform the command on the memory die specified by 
the address using X number of bits per memory cell 
even though the interface Supports commands for 
storing Y number of bits per memory cell. 

2. The controller of claim 1, wherein the at least one of the 
memory dies is able to store a different number of bits-per 
cell in different regions of the die, whereas the other memory 
dies are homogeneous. 
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3. The controller of claim 1, wherein the address is a logical 

address, and wherein the processor is configured to compare 
the logical address to a fencepost indicating available and 
unavailable addresses in different memory type partitions of 
a memory die. 

4. The controller of claim 1, wherein each memory die 
stores at least one parameter page which specifies the opera 
tional parameters its memory type(s), and wherein the pro 
cessor is further operative to read the parameter page from 
each memory die. 

5. The controller of claim 1, wherein the controller is part 
of a solid-state drive. 

6. The controller of claim 1, wherein the interface to the 
host is a flash interface. 

7. The controller of claim 6, wherein the flash interface is 
an Open NAND Flash Interface (ONFI) interface. 

8. The controller of claim 6, wherein the flash interface is a 
Toggle Mode interface. 

9. A method for memory aliasing for different flash 
memory types, the method comprising: 

performing in a controller comprising one or more inter 
faces to a plurality of memory dies and an interface to a 
host, wherein at least one of the memory dies stores X 
number of bits per memory cell, whereas the other 
memory dies store Y number of bits per memory cell, 
and wherein the interface to the host only supports com 
mands storing Y number of bits per memory cell and 
operates according to a protocol that defines an address 
field, wherein a first set of bits in the address field are 
designated for an address and a second set of bits are 
designated as reserved: 
receiving an address and a command from the host, 

wherein the address is located in the first set of bits of 
the address field; 

reading data from the second set of bits, wherein the data 
read from the second set of bits specifies X number of 
bits per memory cell even though the interface Sup 
ports commands for storing Y number of bits per 
memory cell; and 

performing the command on the memory die specified 
by the address using X number of bits per memory cell 
even though the interface Supports commands for 
storing Y number of bits per memory cell. 

10. The method of claim 9, wherein the at least one of the 
memory dies is able to store a different number of bits-per 
cell in different regions of the die, whereas the other memory 
dies are homogeneous. 

11. The method of claim 9, wherein the address is a logical 
address, and wherein the method further comprises compar 
ing the logical address to a fencepost indicating available and 
unavailable addresses in different memory type partitions of 
a memory die. 

12. The method of claim 9, wherein each memory die 
stores at least one parameter page which specifies the opera 
tional parameters its memory type(s), and wherein the 
method further comprises reading the parameter page from 
each memory die. 

13. The method of claim 9, wherein the controller is part of 
a solid-state drive. 

14. The method of claim 9, wherein the interface to the host 
is a flash interface. 

15. The method of claim 14, wherein the flash interface is 
an Open NAND Flash Interface (ONFI) interface. 

16. The method of claim 14, wherein the flash interface is 
a Toggle Mode interface. 
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